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Convex Crystal X-ray Spectrometer for Laser Plasma Experiments

M. May, R. Heeter and J. Emig
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Measuring time and space-resolved spectra is important for understanding Hohlraum and

Halfraum plasmas. Experiments at the OMEGA laser have used the Nova TSPEC which

was not optimized for the OMEGA diagnostic space envelope or for the needed

spectroscopic coverage and resolution. An improved multipurpose spectrometer snout,

the MSPEC, has been constructed and fielded on OMEGA. The MSPEC provides the

maximal internal volume for mounting crystals without any beam interferences at either

2x or 3x magnification. The RAP crystal is in a convex mounting geometry bent to a 20

cm radius of curvature. The spectral resolution, E/dE, is about 200 at 2.5 keV. The

spectral coverage is 2 to 4.5 keV. The MSPEC can record four separate spectra on the

framing camera at time intervals of up to several ns. The spectrometer design and initial

field-test performance will be presented and compared to that of the TSPEC. Work

supported by U. S. DoE/UC LLNL contract W-7405-ENG-48



Introduction

 To diagnose indirect-drive inertially confined fusion (ICF) experiments, time and

space-resolved X-ray spectra are needed. In these experiments, laser radiation heats the

inside of a gold hohlraum or halfraum producing a plasma that emits intense X-rays. The

X-ray radiation drives the capsule implosion and influences the resulting fusion yield.

Spectroscopy can provide crucial information on the plasma conditions [1,2,3] such as

radiation output, energy deposition rate, energy balance, etc. The measured spectrum can

also be used to identify ionization species and determine both the charge state distribution

(CSD) and the effective ionization state, Zeff [4,5].  Estimates of the electron temperature

from the CSD and Zeff are possible in conjunction with either Thomson scattering

measurements or atomic physics modeling.

A variety of X-ray spectrometers have been used successfully on laser produced

plasma experiments at facilities such as NOVA [6] and OMEGA [7].  Each facility

requires a different spectrometer design to accommodate the unique spatial constraints of

the target chambers and to obtain the desired photon energy coverage, spectral resolution

and temporal resolution for the experiment. The X-ray spectrometers are typically

positioned in the harsh environment inside the target chamber as close as 10 cm from the

target.  The spectrometers must fit inside the diagnostic manipulator ports for OMEGA

and NIF and must not interfere with the paths of the incident laser beams in the target

chamber.

At OMEGA, our experiments require spectra between photon energies of 2 to 4.5

keV.  Our previous spectrometer was the TSPEC [6] which was originally designed for

NOVA.  It used a cylindrically bent convex crystal geometry and produced good spectra.

However, the TSPEC spectral coverage was not adequate for our measurements. The

hardware was not compatible with the OMEGA geometry and interfered with several of

the incident laser beams.  A new multipurpose spectrometer snout, the MSPEC, has been

built and fielded on OMEGA for measuring spectra in the 2 to 4.5 keV spectral range.

The MSPEC is an improved design and solves many of the difficulties with the TSPEC.

The MSPEC snout is compatible with the beam geometries, has a more useful spectral



coverage than the TSPEC, and can have different magnification nose cones (e.g. 2x and

3x).  The spectrometer snout can accommodate multiple crystal geometries. This paper

discusses the general concept of the MSPEC and the convex crystal geometry

implementation, the MSPEC-C.

MSPEC Spectrometer Design

The MSPEC spectrometer snout is a new multipurpose design to measure spectra

in the 2 to 4.5 keV region.  The conical snout can accommodate a variety of crystal

configurations that include the convex (MSPEC-C) and the elliptical (MSPEC-E)

geometries [8]. The MSPEC-C and MSPEC-E snouts are the same except for the crystal

mounting. The MSPEC snout with a convex crystal mount and the 3x magnification nose

cone is shown in Fig. #1. The snout does not interfere with the laser drive beams and fits

inside the any of the 6 ten inch manipulator (TIM) ports at OMEGA. The snout has four

channels each consisting of a slit to direct light onto four parts of the same crystal or four

different crystal mount geometries.  With one crystal, the same spectrum at four different

times can be measured.  With four different crystal mounts, a broader spectral range can

be covered during the same time interval of a laser pulse. The slits mount at the end of

the nose cone. Filters are mounted both at the tip of nosecone and just in front of MCP;

25 µm of Be in each location. The slits are 5 - 10 mm long in the dispersive direction and

between 20 - 200 µm in the spatial direction. The spatial imaging is done with a simple

pinhole camera concept.  Several interchangeable nose cones allow different

magnifications (presently 2x or 3x) of the target. The MSPEC snout mounts to a standard

4 channel OMEGA framing camera positioned 38.1 cm from target chamber center

(TCC). Each microchannel plate strip on the camera is 30 - 34 mm (spectral) by 6 - 7 mm

(spatial) depending upon the specific camera. The MCP electrons are converted to visible

light with a P-11 phosphor. The four spectrum are recorded on either visible film or a

CCD camera.

 The cylindrically bent convex crystal geometry is a very useful compact

spectrometer design for laser produced plasmas. The details of this geometry have been

published elsewhere [9].  The convex crystal geometry gives a large photon energy



coverage at a modest spectral resolving power.  The photon energy coverage is provided

by the angular divergence of the entrance aperture and the convex curvature of the

crystal. The divergence from the crystal gives the convex geometry a larger photon

energy coverage than a flat crystal geometry. The convex geometry can be used to

measure photon energies from 0.5 to 10 keV with the appropriate choice of crystal.

For the Hohlraum experiments, the MSPEC-C was designed to record spectrum

between 2 to 4.5 keV. The photon energy dispersion and spectral resolving power of the

MSPEC-C was modeled with the geometrical formulas in reference 9 (see figure #2).

The choice of crystal was determined to be RAP with a 2d of 26.121 Å bent with a radius

of 200 mm. The 3x magnification allows a 2 mm view of the target on the 6 mm high

MCP strips. The entrance slits were 80 µm wide. From geometrical ray tracing, we

estimate the spatial resolution at the source to be ~ 110 µm.

The resolving power (E/∆E) of the convex crystal geometry is a convolution of

three effects, the crystal resolution, the effective MCP detector resolution and the source

size (Fig. #2). The inherent resolving power of RAP is greater than 1000 in this spectral

range [10] and is larger than any other effect. The MCP detector resolution is about 50

µm which results in a spectral resolving power of 200 to 700.  The most significant

contribution to the measured line widths is the effect of source size. The targets act as the

slit of the spectrometer. Larger targets will produce a lower resolution spectrum.  The

convex crystal design cannot have an entrance slit in the dispersion direction. An

entrance slit would mask part of the crystal reducing the spectral coverage.  However, a

better spectral resolution can be obtained by using a target-mounted aperture to limit the

effective source size of large targets.

The targets for our experiments will be Halfraums or Hohlraums of scale 1/4 to 1.

The dimensions are between 400 µm and 1600 µm.  The resolving power assuming a 600

µm tall source is ~ 100 at 4.0 keV and ~ 250 at 2 keV.  For a 1600 µm target, the

resolving power is 40 to 90, respectively. A better resolving power is obtained by the

MSPEC-E configuration with this geometrical configuration.

Sample Spectrum



We present MSPEC-C spectra from experiments at OMEGA in February 2004. A

2 mm square gold foil was irradiated with 2774 J of energy from 6 beams. Two beams

from each of Cone 1, 2 and 3 were used each having ~ 462 J of energy. The laser pulse

was nominally a 1 ns square beam in time.  The resulting focused spot size was about 550

µm and resulted in a laser intensity of 1.7x1015 W/cm2. The MSPEC-C viewed the foil

nearly edge-on or 79.2° from the normal of the foil.  Four spectrum were recorded with

framing camera XRFC2 at OMEGA at approximately t = 530 ps, 930 ps, 1390 ps and

1750 ps from the time the laser beams turned on. The MCP high voltage is gated and

propagates across each strip in ~ 200 ps.  The reported times are the instant when the

MCP pulse was at the center of the strip. The film image recorded at 930 ns is shown in

Fig. #3. The lasers heat the foil from below in the drawing. The emitting plasma is blown

off of the foil in the downward direction. The photon energy is from left to right.  The

dark line just below the foil is emission that has saturated the detector.

Below the dark line, spectral lines can clearly be seen as the detector moves out of

saturation. At these beam intensities the M-band lines of Cu to V-like gold dominate the

spectrum.  There are several distinct line groups that can be seen the 4p→3d and 4s→3p

below 2.4 keV, the 4f→3d between 2.4 - 3 keV and the 5f→3d between 3 - 4 keV.  These

line groups have been previously identified in low density plasmas [11,12].  The MSPEC

images were recorded on visible film that has a logarithmic response.  The response of

the film was calibrated out.  Line-outs from the image were done. The Cu to V-like Au

5f→3d lines are shown in a sample line-out in Fig. #4.

 The dispersion curve was measured from these spectra and was very close to the

predicted values.  Therefore, the as-built configuration was close to the design.  From the

line widths one can estimate that the spectral line widths are ~ 35 eV. The measured

resolving power of the MSPEC-C at 3.5 keV and 2.0 keV is ~ 100 and ~ 200,

respectively, and is consistent with the resolving power being limited by the source size.
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Captions:

Figure #1: Schematic of the MSPEC-C spectrometer snout.

Figure #2: Calculated spectral range and resolving power due to the crystal, the MCP
detector and the source size and the measured spectral coverage.

Figure #3: Film image recorded by the MPSEC-C of a Au disk at 930 ns from the start of
the laser pulse.

Figure #4: Measured calibrated spectrum from the MPSEC-C of the 5f→3d emission
lines from a Au Disk at 930 ns from the start of the laser pulse.
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